Bagasse, a waste material from sugarcane has been studied as a biosorbent for removing heavy metals, Pb 2+ and Cu +2 , in a continuous system using a packed bed column. This study was undertaken to determine the influence of varying the bed height and flow rate on the breakthrough and saturation time. Thomas, Adams-Bohart and Yoon-Nelson models were used to assess the effects of varying parameters and both Thomas and Yoon-Nelson models were found to be satisfactory to describe the column data obtained in the experiment. Moreover, lead ions are adsorbed more efficiently with an adsorption capacity of 4.54 mg/g compared to copper ions with 3.98 mg/g at the most feasible parameters having a flow rate of 100 mL/min and a bed height of 30 cm.
INTRODUCTION
Lead and copper are two of the major heavy metal contaminants affecting the water as a consequence of rapid industrialization. Lead is utilized in the production of ceramic products, paints, metal alloys, batteries, and solder.
Toxicological effects of lead in humans include inhibition of hemoglobin Furthermore, they also address the issues in solid wastes and have simpler approach in removing heavy metals in wastewater (Blazquez et al., 2011; Khormaei et al., 2007; Ofomaja et al., 2011) . were prepared separately from Cu(NO3)2
and Pb(NO3)2 in distilled water. The pH of the solution was then adjusted to the desired pH of 5.0 and 6.0 for copper and lead, respectively, by addition of 0.1 M NaOH or 0.1 M HCl solution in order to prevent co-precipitation at higher pH. The pH of the sorbate solution is also based on the optimum pH required to achieve maximum adsorption.
Preparation of Adsorbent
Raw sugarcane bagasses were collected from Central Azucarera de Tarlac in Tarlac City. The adsorbent was washed several times to remove unnecessary substances and dried in oven at 70°C for 24hrs. Dried materials were ground and sieved into a particle size of 30 mesh screen.
Characterization of adsorbent
The surface properties of sugarcane bagasse was analyzed using zeta potential (ZP) analyzer (ZEN3600, MALVERN Nano-ZS) to determine surface charges, and elemental analysis (HORIBA 7021H) was used to determine elemental composition. Table 2 shows the optimum parameters utilized in this column study.
Continuous system studies

RESULTS AND DISCUSSION
Composition of sugarcane bagasse
The Table 3 shows the zetapotential elemental analysis of the biosorbent (SB) identifying the possible counterions that may undergo ionexchange mechanism with lead and copper ions. Data consistently show that Pb 2+ was adsorbed more efficiently than Cu 2+ due to its lower hydrated radius. When the ion's hydration is smaller than the counterion, ion exchange is easier and adsorption is greater. The smaller ions hold the water molecules more strongly which is true with the given data. Cu 2+ has a smaller radius than Pb 2+ but Cu 2+ holds more water molecules which increase its hydrated radius but ions with strong hydration bonds may not be able to detach from the hydration layers and may be too large to pass through the adsorbent's openings. However, the ions with weak hydration bonds can lose some or all the water of hydration and can fit through.
The potential ion exchange mechanism of the counterion K + with sorbate ions Pb 2+ but Cu 2+ is shown in Figure 2 . 
where A is the heavy metal ion in the solution (Cu 2+ and Pb 2+) , m is the stoichiometric coefficient, R is the functional group present in the adsorbent and B is the counterion having the same charge with the metal ions in the sorbate solution. 
Column Studies
Effect of varying bed height
Dynamic Adsorption Models
Adams -Bohart Model
The Adams -Bohart model is based on the surface reaction theory which assumes that equilibrium is not instantaneous.
Thus, the rate of the adsorption is :
where No is the saturation concentration (mg/L), Z is the bed depth of the fix-bed column (cm) and Uo is the superficial velocity (cm/min) defined as the ratio of the volumetric flow rate Q (ml/min) to the cross-sectional area of the bed A (cm 2 ) and t is the service time at breakthrough point.
Shown in Table 5 are until it becomes saturated.
Thomas Model
The :
where Co is the influent concentration, Ct is the effluent concentration, kth is the Thomas rate constant (mL/min/mg), qo is the adsorption capacity (mg/g), Q is the volumetric flow rate, m was the dry weight of adsorbent in the column and t stands for total flow time (min).
Evident from Table 6 are the effects on the Thomas model parameters with respect to the change in rate of flow and The increase in flow rate cause the rate Carbon, 31, [195] [196] [197] [198] [199] [200] 
